Vitamin D has attracted much scientific interest in recent years, mostly due to its newly described roles in metabolism regulation and cell proliferation. Along with hypovitaminosis D, the incidence of obesity has risen and has become a public health concern. The association between these two conditions is not merely coincidence and is being deeply investigated regarding its prevalence, mechanism, and even a possible causal relation. The data are still inconclusive but there is important evidence indicating that vitamin D is involved with fat accumulation, the responsible mechanism however still the principal question. The three main hypotheses are: adipose tissue sequestration, genetic modulation, such as polymorphism of the vitamin D receptor (VDR), or an organism evolutionary adaptation to cold weather. In conclusion, more evidence is needed to determine what the correct direction of this connection is and the possible therapeutic strategies of vitamin D replenishment and obesity control.
Hypovitaminosis D and ObesityCoincidence or Consequence?
Nowadays the number of studies involving vitamin D and its interaction with metabolism have grown and gained great exposure in the scientific literature. The main reason for this is the high incidence of its deficiency in different populations worldwide and the rising evidence of its role in the aetiology of an extensive range of diseases. 1 
Physiological Actions of Vitamin D
Apart from its well-established role in the regulation of calcium metabolism and skeletal development, vitamin D has many functions throughout the body. Important pathways were recently described based on the discovery of vitamin D receptors (VDRs) in most tissues and cells in our body and also the ability of most of them to convert it primary circulating form (25-hydroxyvitamin D) into the active form (1,25-dihydroxyvitamin) .
Thus, vitamin D should be considered essential for overall health and wellbeing, especially since there is growing evidence suggesting that it has multiple functions in the regulation of cellular proliferation, differentiation, apoptosis and angiogenesis and modulation of immune responses.
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Vitamin D Sources
There are two ways by which individuals can fulfil their need of this nutrient: skin production, almost 90 % of total requirement, or diet intake. The synthesis of cholecalciferol (vitamin D3) by the skin is dependent on ultraviolet (UV) radiation from the sun, which is absorbed by the skin leading the transformation of 7-dehydrocholesterol into this form of the nutrient. 4 The amount of UV rays absorbed by the skin, and consequently of vitamin D3 produced, will depend on season, latitude, time of day, skin pigmentation, ageing and even sunscreen or clothes used. 5 Dietary sources of vitamin D are few, being represented mainly by fortified dairy products, oily fish (salmon, mackerel and sardines) and fish oil. 6 Once formed or ingested, vitamin D3 is metabolised in the liver to 25-hydroxyvitamin D3 (25(OH)D) and then in the kidney to its biologically active form, 1,25-dihydroxyvitamin D3 (1,25(OH)2D). 4 
Vitamin D Deficiency
Vitamin D deficiency is considered a clinical syndrome determined by low circulating levels of 25(OH)D: its primary and major circulating form.
However, the actual levels in the blood that can define this syndrome remain unclear. Most studies considered vitamin deficiency when 25(OH)D levels are below 20 ng/ml, insufficiency as 21-29 ng/ml and sufficiency levels between 30-100 ng/ml. condition. 17 The largest population analysed seeking an answer to this question was in the Hunt study, with almost two and a half thousand adults followed over 11 years. The findings suggested a prospective association with incident obesity, defined by either BMI or waist circumference. It seems that central obesity increased even faster than overall obesity. The author concluded that hypovitaminosis D may prospectively lead to an increase in adiposity during childhood, also implying a predictive hole of this deficit starting at a really young age. 19 Another interesting study by
Crozier associated lower maternal vitamin D status with higher fat status in offspring at 4-6 years old, which would also support this conclusion at even earlier stages of life.
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Is it a Causal Relation? A Possible Hypothesis
Many theories have been proposed to explain the relationship between both conditions and also to understand the pathophysiological mechanisms that would link them.
Altered Behaviour and Fat Tissue Storage
The first theory is based on the a possible lack of sun exposure by obese population, which would consequently reduce the amount of vitamin D produced by the skin in those subjects. To test this possibility, Harris and colleagues conducted a cross-sectional evaluation in a healthy but older population and reported no significant differences between solar exposure and levels of 25(OH)D regardless of body fat content. 10 There is also evidence that BMI has an inverse relation with vitamin D ingestion; therefore, obese individuals consume less vitamin D orally than nonobese individuals. of age, sex, season, study region and smoking. 26, 27 This correlation is even stronger when body fat percentage is compared with BMI. 27 The possible mechanism by which PTH could influence and promote weight gain points to increased PTH levels, determined by low 25-OH-D levels, which promote calcium influx into the adipocytes and that this effect, which would result in a inhibition of the differentiation of preadipocytes into adipocytes. 33 In a further investigation, Dace and colleagues were able to acknowledge that calcitriol was also able to stimulate terminal differentiation of adipocytes, even in the absence of substances formerly described as necessary to this process. 34 There is also evidence that polymorphisms in VDR could influence the circulating levels of vitamin D. Morrison and colleagues noted that the variability in circulating osteocalcin levels may reflect the allelic variation in the vitamin D receptor gene in a cohort of healthy individuals. 35 Finally, it is important to mention a remarkable discovery by Suarez and colleagues of a possible influence of VDR genotype in intra-uterine and early postnatal growth, directly or via interactions with gender-related growth regulators. In their analysis, the BB genotype could determine a greater length, weight and body surface area, whereas bb genotype could lead to smaller children. 36 
Evolutionary Theory
The last theory pupported to explain that the relation between vitamin D and obesity is based on evolutionary concepts. Foss believes that vitamin D is the cause of common obesity through a survival strategy developed by the organism during the evolutionary pathway to protect the organism from a cold climate. 37 She theorises that vitamin D originated as a photoreceptor system in primitive organisms, which were responsible to inform and defend the body against lower
climates. The body would respond to lower UV radiation with reduced skin production of vitamin D that would signal the increase of fat tissue accumulation, enhancing organism protection from the cold weather by reducing heat conduction and increasing its thermogenic capacity.
A higher production of vitamin D3 by the skin, induced by increased presence of sunlight in summer, would inhibit this response and promote a reduction in fat deposits.
Based on these concepts, Foss proposed a model where serum calcidiol concentration, the major circulating metabolite of vitamin D, functions as the UV-B radiation-sensitive sensor and presented by it seasonal fluctuations. This fall in its circulation is sensed in the hypothalamus inducing an increase in the bodyweight set point, which is represented by a state of energy accrual in which appetite is increased and energy expenditure reduced. The conclusion is that an improvement of vitamin D status could be a solution for the obesity epidemic and therefore more attention should be given to this matter. 
